Abstract: Field testing of a proprietary stormwater treatment device (GPT) was undertaken over a one year period at a commercial site located in Sippy Downs, Queensland. The focus of the study was primarily on evaluating the effectiveness of the GPT device in removing pollution in the form of nutrients (Total Suspended Solids, Total Nitrogen, Total Phosphorus) from stormwater runoff. Water quality analysis was performed on water samples taken from the inflow and outflow of the GPT during 15 natural rainfall events. A new testing protocol was developed to ensure a comprehensive investigation of the stormwater treatment performance of the GPT. Pollution treatment Efficiency Ratios (ER) calculated for the GPT were found to be 49.2% for TSS, 26.6% for TN and 40.6% for TP. Although the nutrient removal rates of the GPT observed in the study were below those specified by Queensland regulations, the results are considered notable for a stormwater treatment device that was not specifically designed to remove nutrients from stormwater.
Introduction
The increase in impervious surface area associated with urban development has resulted in greater stormwater runoff volumes and increased pollution loads for downstream receiving waters [1] [2] [3] . The management of stormwater in urban areas has therefore become a priority issue for the planning, construction and maintenance of urban developments [4] .
A wide range of stormwater treatment devices (including swales, bioretention systems and constructed wetlands) have been implemented in urban areas over the last few decades to manage stormwater and to reduce peak flows and downstream pollution loads [5, 6] . Compared to some more conventional stormwater treatment approaches, which can often be quite complex, proprietary treatment devices are designed for easy installation and maintenance. These devices are becoming ever-more popular in Australia, as well as throughout the rest of the world [7, 8] . There has been a range of studies that have focused on the performance and evaluation of conventional treatment devices. However, because proprietary stormwater treatment devices are generally constructed by different companies, only a few independent studies have reviewed their performance [9, 10] .
Gross pollutant traps (GPT) are one type of proprietary stormwater treatment device that have been widely used for the primary treatment of stormwater runoff in urban catchments. GPTs are designed to remove gross pollutants (litter and sediment larger than 5 mm in size) [11] [12] [13] from stormwater runoff to prevent them from being transported to downstream receiving waters. Although not specifically designed to remove nutrients such as nitrogen and phosphorous from stormwater, GPTs may also reduce the concentrations of these pollutants.
In order to evaluate the pollutant removal capacity of the GPT system, a field monitoring program was developed and implemented at the University of the Sunshine Coast in 2011. The objective of the study was to evaluate the water quality improvement performance of a Humegard ® (Humes, Brisbane, Australia) HG27 during real rainfall events, and to verify its effectiveness in relation to solids, total nitrogen (TN) and total phosphorous (TP) removal. This paper outlines the testing methodology used in the study and presents the study results.
Methodology

Pollutant Trap Description
One type of manufactured GPT is the Humegard ® . It uses screening as the dominant mechanism to trap gross pollutants, while its supplementary sedimentation and filtration capabilities are claimed to also effectively remove pollutants including total suspended solids (TSS), nutrients, hydrocarbons and heavy metals (Figure 1) . The GPT incorporates a unique floating boom and a storage chamber to allow continual capture of floating material, even during peak flows. The GPT is designed to be installed within stormwater drainage systems, and in retrofit circumstances installation is constrained by flat grades, and low head availability. The floating boom is designed to divert floating matter into the storage chamber at most normal flow ranges. In order to minimise potential upstream backwater effects, the flow can bypass the chamber and flow directly under the boom to the outlet during major rainfall events.
Although not specifically designed to remove nutrients such as nitrogen and phosphorous from stormwater, GPTs may also reduce the concentrations of these pollutants.
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Pollutant Trap Description
A comprehensive study by Phillips [14] effectively demonstrated the pollution removal of the Humegard ® GPT system with respect to gross pollutants and sediment, however, there have been no studies to date that have focused on the nutrient removal performance of the system. This is necessary for a more complete understanding of the pollution removal performance of the GPT device. A comprehensive study by Phillips [14] effectively demonstrated the pollution removal of the Humegard ® GPT system with respect to gross pollutants and sediment, however, there have been no studies to date that have focused on the nutrient removal performance of the system. This is necessary for a more complete understanding of the pollution removal performance of the GPT device.
Catchment Characteristics
Testing was undertaken over a period of 2 years at a commercial site in Sippy Downs, approximately 100 km north of Brisbane, Australia. The catchment drainage area consists of sealed car parks (50%), building roofs (35%), and approximately 15% open space containing lawns and intermittent impervious paved surfaces (concrete pathways). Approximately 85% of the total catchment area is impervious. The open spaces consist mainly of grassed areas with minimal vegetation, such as small sedges (Carex appressa) in the car park dividers, and a few isolated Paperbark trees (Melaleuca quinquenervia). The site possesses sandy-clay type soil with generally level topography (slope 1%-4%).
The GPT was positioned to treat the runoff generated from a 6 ha sub-catchment that drains into the Mooloolah River National Park ( Figure 2 ). The average annual rainfall of the study catchment area is approximately 1650 mm [15] with the greatest proportion generated during spring and summer months (September-February) from high intensity rainfall events. 
The GPT was positioned to treat the runoff generated from a 6 ha sub-catchment that drains into the Mooloolah River National Park (Figure 2 ). The average annual rainfall of the study catchment area is approximately 1650 mm [15] with the greatest proportion generated during spring and summer months (September-February) from high intensity rainfall events. The catchment characteristics ( Figure 3 ) included a series of grassy slopes (1%-3%), rock swales, impervious concrete surfaces and drains, and carparks, leading to an underground pipe, which directly feeds into the GPT.
The GPT was installed in December, 2011 and after initial commissioning of the unit, was monitored from June 2013 to March 2014. The Humegard ® GPT has been specifically designed to capture up to 85% of TSS greater than 150 microns in size [13] , and it was thought that much of the nutrient removal performance would be linked to pollution attachment to the sediment captured.
The manufacturer recommends that the GPT should be maintained at least annually. However, this is also dependent on observed pollution loads. Maintenance generally includes the removal of sediment from the sump of the unit using a truck-mounted suction hose. The unit was maintained and cleaned directly before the start of this study. However, no maintenance of the unit was undertaken during the test period to ensure that all sediment and nutrients were captured during the study. The catchment characteristics (Figure 3 ) included a series of grassy slopes (1%-3%), rock swales, impervious concrete surfaces and drains, and carparks, leading to an underground pipe, which directly feeds into the GPT.
The GPT was installed in December, 2011 and after initial commissioning of the unit, was monitored from June 2013 to March 2014. The Humegard ® GPT has been specifically designed to capture up to 85% of TSS greater than 150 microns in size [13] , and it was thought that much of the nutrient removal performance would be linked to pollution attachment to the sediment captured. 
Sampling Protocol
A sampling protocol was developed specifically to provide a sufficient number of valid sampling events and water quality samples for analysis (Table 1) . These were required to demonstrate the pollution removal performance of the GPT under an appropriate range of natural rainfall and runoff conditions. The manufacturer recommends that the GPT should be maintained at least annually. However, this is also dependent on observed pollution loads. Maintenance generally includes the removal of sediment from the sump of the unit using a truck-mounted suction hose. The unit was maintained and cleaned directly before the start of this study. However, no maintenance of the unit was undertaken during the test period to ensure that all sediment and nutrients were captured during the study.
A sampling protocol was developed specifically to provide a sufficient number of valid sampling events and water quality samples for analysis (Table 1) . These were required to demonstrate the pollution removal performance of the GPT under an appropriate range of natural rainfall and runoff conditions.
The output signals from all the monitoring equipment installed on the GPT in the study were logged using a CR800 Campbell Scientific data logger. Time-weighted subsamples (200 mL) were taken every 10 min to provide sampling intervals that would cover at least 60% of the hydrograph generated by any given rainfall event. A Starflow ultrasonic probe was located in the bypass outlet to measure flowrates through the system. All subsamples collected during runoff events were composited within the automatic sampler storage bottles. Sampling events that collected insufficient volume for the chemical analyses in Table 1 to be undertaken were discarded and recorded as non-qualifying events. These are not included in the results presented in this paper.
The minimum antecedent dry period was set at 24 h to enable a differentiation between individual rainfall events. This was generally found to be suitable unless the influent pollutant concentrations were found to be below the limits of detection in which case the event was discarded. The minimum event rainfall intensity required to trigger the auto-samplers was set at 2 mm in 30 min. 
Performance Metrics
A number of calculation methodologies were used to determine pollution removal performance metrics. These include: Event Mean Concentration (EM-Equation (1)), Average Concentration Removal Efficiency (Avg.CRE-Equation (2)), and Efficiency Ratio (E-Equation (3)) [17] [18] [19] . The value of CRE as an effective metric has been reduced as a reliable metric since minor variation (˘1 mg/L) observed in the analytical variability has significant influence on the metric at low influent concentrations, and so ER has been used as the primary metric in this study [19, 20] . Prior to statistical testing, concentrations of TSS, TN and TP were log transformed (Equation (4)) to achieve normality (Ryan-Joiner p > 0.01). A paired T-test was performed on the log-transformed data to calculate if the difference between means was significant [21, 22] .
Event Mean Concentration (EMC) was calculated using Equation (1):
where, V i = Volume of flow during period i C i = Concentration associated with period i n = Total number of aliquots collected during event Average Concentration Removal Efficiency (Avg.CRE) was calculated using Equation (2) Efficiency Ratio (ER) was calculated using Equation (3):
Log transformation was undertaken using Equation (4):
Results and Discussion
During 10 months of monitoring, 23 rainfall events (>1.5 mm) were recorded at the study location. Of these, 15 events were characterised as qualifying events according to the agreed sampling protocol ( Table 1 ). The rainfall intensities and durations recorded during the study were typical of those expected on the Sunshine Coast.
The pollution removal performance (CRE) of the GPT for individual rain events ranged between 88.7% and 5.8% for TSS, between´4.0% and 60.1% for TN, and between´17.3% and 78.3% for TP (Table 2 ). Overall pollution removal as calculated by the Efficiency Ratio (ER) for the 15 qualifying rainfall events was 49.2% for TSS, 26.6% for TN, and 40.6% for TP. The highly variable results found in this study are likely to be a result of highly variable, and/or low concentration pollution inflows. This result has also been found in previous studies [19, 20, 22, 23] . Results that were less than the limits of detection (LoD) for that particular test, have been shown as 50% of the LoD. The Paired T-test found TSS, TN and TP inflows were significantly reduced after treatment (as measured by outflow pollution concentrations) by the Humegard ® HG27 system (Table 3) .
The Humegard ® GPT system has been specifically designed to remove gross pollutants and Phillips [14] demonstrated that the device can successfully achieve this objective. However, the primary focus of this study was quantification of the solids, and nutrient (TN, TP) pollution removal performance of the system. As anticipated, the overall solids and nutrient removal performance (49.2% for TSS, 26.6% for TN and 40.6% for TP) for the 15 qualifying rainfall events, as calculated by the Efficiency Ratio (ER), was below the minimum values recommended in the regulations [24] . However, these results are particularly impressive for a stormwater treatment device that was not specifically designed to capture nutrients. 
Conclusions
Evaluation of proprietary stormwater treatment devices has been performed for decades internationally, and this now appears to be gaining momentum in Australia. While a number of existing guidelines stipulate that performance of these devices must be demonstrated for local and regional conditions, the guidelines generally do not define exactly how this should be accomplished. This paper has detailed the evaluation and testing protocol implemented of the Humegard ® HG27 GPT at one monitoring site in Queensland, Australia. Results from 15 complying rainfall events showed a pollution removal efficiency (ER) for the GPT of 49.2% for TSS, 26.6% for TN and 40.6% for TP. Based on the water quality analyses undertaken in the study, concentrations of TSS, TN and TP were all found to be significantly reduced after treatment by the GPT device.
To complement the recognised capability of the Humegard ® HG27 to remove gross pollutants, this study found the system also made a positive contribution to the removal of TSS and nutrient pollution from stormwater flows. Although the concentration removal rates of TN and TP by the GPT did not achieve the minimum regulated standards, the results are still impressive for a stormwater treatment device that was not specifically designed to capture nutrients. It is suggested that additional components would need to be added in the form of a treatment train to fully satisfy the specific Queensland Government regulations in terms of TSS, TN and TP pollution removal.
